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(54) Mass spectrometer

(57) A mass spectrometer capable of analysis at
high speed and high accuracy comprising an ion trap
mass spectometer; a device for applying a high frequen-
cy signal not containing resonance frequencies (f1,f2,f3)
for plural precursor ions but containing resonance fre-
quencies of other ions, and having different amplitudes
on every frequency to the endcap electrodes (37a,37b)
of the ion trap mass spectrometer, thereby controlling
the selection (203) for the plural precursor ions, and a

device for applying a high frequency signal having am-
plitudes set individually on every resonance frequency
(f1,f2,f3) of the plural precursor ions and superimposed
with the resonance frequencies for the plural precursor
ions to the endcap electrodes (37a,37b) of the ion trap
mass spectrometer, thereby controlling the dissociation
(204) of the plural precursor ions, and judging the pres-
ence or absence of the aimed chemical substance
based on the mass spectra of the obtained plural frag-
ment ions.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a mass spec-
trometer for judging the presence or absence of an
aimed chemical substance and more particularly to a
dangerous material detection apparatus for detecting
dangerous materials such as explosives or drugs.

BACKGROUND OF THE INVENTION

[0002] Along with worsening international conflic-
tions, detection apparatus for detecting explosives have
been demanded for preventing terrorism or keeping se-
curity. As the detection apparatus, security check appa-
ratus using X-ray transmission have been used gener-
ally including airports. X-ray detection apparatus recog-
nize a target as a lump and judge a dangerous target
based on the information for the shape and the like
thereof and this is referred to as bulk detection. On the
other hand, a detection method based on gas analysis
is referred to as trace detection, which identifies the sub-
stance based on the information of chemical analysis.
The trace detection has a feature capable of detecting
a trace amount of ingredients deposited on a bag, etc.
In view of the a social demand for strict security check,
it has been demanded for an apparatus in combination
of bulk detection and trace detection thereby capable of
detecting dangerous target at a higher accuracy.
[0003] On the other hand, for finding illicit drugs car-
ried on various routes, the detection apparatus are
used, for example, also in the custom office or the like.
While the bulk detection apparatus and drug detecting
dogs are mainly used in the custom offices, it has been
keenly demanded for a trace analysis apparatus for use
in absolute drugs instead of drug-sniffing dogs.

[0004] For trace detection, various analysis methods
such as ion mobility spectroscopy and gas chromatog-
raphy have been attempted. Research and develop-
ment have been under progress for the apparatus hav-
ing high speed, sensitivity together and selectivity which
are important for the detection apparatus.

[0005] Inview of the situations described above, since
mass spectroscopy is basically excellent in the speed,
the sensitivity and the selectivity, a detection technique
based, for example, on the mass spectroscopy has
been proposed (refer to Patent Document 1 (JP-A No.
134970/1995): prior art 1).

[0006] Fig. 9 is a view showing the constitution of a
dangerous target detection apparatus of the prior art 1.
The existent detection apparatus based on the mass
spectroscopy is to be described with reference to Fig.
9. An air intake probe 1 is connected by way of an insu-
lative pipe 2 to an ion source 3, and the ion source 3 is
connected by way of an exhaust port 4 and an insulative
pipe 5 to a pump 6 for use in air exhaustion. The ion
source 3 comprises a needle electrode 7, a first aperture
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electrode 8, an intermediate pressure section 9 and a
second aperture electrode 10. The needle electrode 7
is connected with a power source 11. The first aperture
electrode 8 and the second aperture electrode 10 are
connected with an ion acceleration power source 12.
The intermediate pressure section 9 is connected by
way of an exhaust port 13 with a vacuum pump, not
shown. An electrostatic lens 14 is located subsequent
to the intermediate pressure section 9, and a mass anal-
ysis section 15 and a detector 16 are disposed subse-
quentto the electrostatic lens 14. A detection signal from
the detector 16 is supplied through an amplifier 17 to a
data processing section 18.

[0007] The data processing section 18 judges plural
m/z (ion mass number/ion valence number) values
showing a specified chemical and judges whether the
specified chemical is contained or notin a gas to be test-
ed. The data processing section 18 comprises a mass
judging section 101, a chemical A judging section 102,
a chemical B judging section 103, a chemical C judging
section 104 and an alarm driving section 105. Further,
display sections 106, 107 and 108 are disposed to an
alarm display section 19 driven by the alarm driving sec-
tion 105.

[0008] Further, for monitoring chemical substances, it
has been known a method of conducting tandem mass
analysis simultaneously in case where plural species of
molecules to be measured present (refer to Patent Doc-
ument 2 (JP-A No. 162189/2000): prior art 2).

[0009] Further, in a method of leaving aimed ions in
the inside of an ion trap mass spectrometer while dis-
charging other ions, a method of applying a signal hav-
ing different amplitudes depending on frequencies be-
tween end gap electrodes has been known (refer to Pat-
ent Document 3 (USP No. 5654542) : prior art 3).
[0010] Further, it has been known a method of deflect-
ing and converging ions by a double cylindrical deflector
comprising an inner cylindrical electrode and an outer
cylindrical electrode (refer to Patent Document 4 (JP-A
No. 85834/1995): prior art 4).

[0011] Further, a mass analysis method using filtered
noise fields has also been known (refer to Patent Doc-
ument 5 (USP No. 5206507): prior art 5).

[0012] The detection apparatus described in the prior
art 1 involves the following problems. In the detection
apparatus described in the prior art 1, a drug is judged
by using an m/z value of an ion generated from the ion
source. Accordingly, in a case where a chemical sub-
stance generating an ion having an identical m/z value
with that of the chemical as a target of detection is
present, it has a high possibility of causing erroneous
information of indicating alarm irrespective of the ab-
sence of the drug to be detected.

[0013] More specifically, during detection of a stimu-
lant drug in a luggage, the apparatus reacts to the com-
ponents of cosmetics contained in the luggage to gen-
erate erroneous information. This is attributable to that
the selectivity of the mass spectrometric section for an-
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alyzing ions is low and it cannot distinguish the ion de-
rived from the stimulant and the ion derived from the
cosmetics that incidentally has an identical m/z value.
[0014] As method of enhancing the selectivity in the
mass spectrometer, a tandem mass analysis method
has been known, a triple quadrupole mass spectrometer
or a quadrupole ion trap mass spectrometer has been
used for an apparatus to practice the tandem mass anal-
ysis. In the tandem mass analysis method, the following
steps (1) to (4) have usually been used.

(1) First step mass analysis:

Mass analysis is conducted to measure m/z for
ions generated from an ion source

(2) Selection:

An ion having a specified m/z value is selected
from the ions having various m/z.

(3) Dissociation:

Selected ion (precursor ion) is dissociated by
collision with a neutral gas or the like to gener-
ate an ion decomposition product (fragment
ion)

(4) Second step mass analysis:

In a case where the precursor ion is dissociat-
ed, it depends on the strength of chemical
bonds of each site. Accordingly, when the frag-
ment ion is analyzed, a mass spectrum highly
abound in molecular structure information of
the precursorion is obtained. Accordingly, even
when the ions generated from the ion source
incidentally have identical m/z, the target to be
detected can be distinguished by checking the
mass spectrum of the fragment ions and it can
be judged more exactly where the target to be
inspected is contained or not.

[0015] Accordingly, in the detection apparatus of the
prior art 1 shown in Fig. 9, when the mass spectrometric
section 15 is replaced with a triple quadrupole ion trap
mass spectrometer or quadrupole ion trap mass spec-
trometer and the tandem mass analysis method is con-
ducted, it can be expected for the development of a de-
tection apparatus capable of improving the selectivity
and decreasing the occurrence of erroneous informa-
tion. However, since the tandem pass analysis method
takes a more time compared with usual mass analysis
methods, it brings about a new subject that a detection
speed required for the detection apparatus cannot be
obtained.

[0016] With the reasons described above, it has been
demanded for a detection apparatus having both high
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selectivity and high detection speed.

[0017] In the tandem mass analysis, when the tech-
nique described in the prior art 2 of dissociating plural
ions simultaneously is applied, it can be expected for
the development of a detection apparatus having both
high selectivity and high detection speed but it brings
about the following problems.

[0018] Forexample, in a case of detecting explosives,
chemical properties of explosives as the target for de-
tection, for example, easiness of dissociation and mo-
lecular weight are versatile. Then, more deliberate care
is necessary compared with a case of simultaneously
measuring only the targets having easiness of dissoci-
ation and molecular weight such as chrolophenols and
dioxines. For example, when plural explosives are dis-
sociated under identical conditions, since the efficiency
of the dissociation changes greatly on every explosives,
it results in a problem that a specific explosive cannot
be detected effectively.

[0019] Further, for obtaining good detection result
with less erroneous information, it is necessary to finely
set the amplitude of a high frequency applied to the end
gap also in a case of selecting plural ions. This is be-
cause some explosives are dissociated already in the
course of selection. A device as described in the prior
art 3 of applying a greater amplitude for a lower frequen-
cy was not yet sufficient.

SUMMARY OF THE INVENTION

[0020] The present invention intends to provide a
mass spectrometer capable of conducting analysis at
high speed and high accuracy, as well as an dangerous
material detecting apparatus using the same.

[0021] According to the present invention, plural pre-
cursor ions are selected, and the selected plural precur-
sor ions are dissociated all at once under suitable con-
ditions. In the invention, when tandem mass analysis is
conducted for once to plural ions at the same time, high
speed and accurate detection is enabled by providing a
condition suitable to the detection of the dangerous ma-
terial.

[0022] The mass spectrometer according to the in-
vention comprises a sample introduction section for in-
troducing a sample, an ion source for ionizing the sam-
ple introduced from the sample introduction section, an
ion trap mass spectrometer for mass spectrometry of
ions generated from the ion source, and a data process-
ing device having a data base for chemical substances
and judging the presence or absence of an aimed chem-
ical substance based on the mass spectral information
obtained by the mass spectrometer. The data base for
chemical substances contains mass spectra.

[0023] The mass spectrometer according to the in-
vention comprises a device for applying a high frequen-
cy signal not containing resonance frequencies for plu-
ral precursor ions but containing resonance frequencies
of other ions, and having different amplitudes on every
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frequencies to an electrode constituting the mass spec-
trometer thereby controlling the selection for the plural
precursor ions, and

a device for applying a high frequency signal hav-
ing amplitudes set individually on every resonance fre-
quencies of the plural precursor ions and superimposed
with the resonance frequencies for the plural precursor
ions to the electrode constituting the mass spectrometer
thereby controlling the dissociation of the plural precur-
sorions (first constitution). Otherions mean, hereinafter,
ions other than the plural precursor ions (selected ions).
The electrode constituting the mass spectrometer in-
cludes a ring electrode and endcap electrodes sand-
wiching the same.
[0024] The mass spectrometer according to the in-
vention comprises a device for applying a high frequen-
cy signal not containing resonance frequencies for plu-
ral precursor ions but containing resonance frequencies
of other ions, and having different amplitudes on every
frequencies to an electrode constituting the mass spec-
trometer thereby controlling the selection for the plural
precursor ions, and

a device for applying a high frequency signal su-
perimposed with the resonance frequencies for the plu-
ral precursor ions to the electrode constituting the mass
spectrometer thereby controlling the dissociation of the
plural precursor ions (second constitution).
[0025] The mass spectrometer according to the in-
vention comprises a device for applying a high frequen-
cy signal not containing resonance frequencies for plu-
ral precursor ions but containing resonance frequencies
of other ions to an electrode constituting the mass spec-
trometer thereby controlling the selection for the plural
precursor ions, and

a device for applying a high frequency signal hav-
ing amplitudes set individually on every resonance fre-
quencies of the plural precursor ions and superimposed
with the resonance frequencies for the plural precursor
ions to the electrode constituting the mass spectrometer
thereby controlling the dissociation of the plural precur-
sor ions (third constitution).
[0026] The mass spectrometer according to the in-
vention comprises a device for applying a high frequen-
cy signal not containing resonance frequencies for plu-
ral precursor ions but containing resonance frequencies
of other ions to an electrode constituting the mass spec-
trometer thereby controlling the selection for the plural
precursor ions, and

a device for applying a high frequency signal su-
perimposed with the resonance frequencies for the plu-
ral precursor ions to the electrode constituting the mass
spectrometer thereby controlling the dissociation of the
plural precursor ions (fourth constitution).
[0027] The mass spectrometer according to the in-
vention comprises a device for applying a high frequen-
cy signal not containing resonance frequencies for plu-
ral precursor ions but containing resonance frequencies
of other ions thereby controlling the selection for the plu-
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ral precursor ions, and

a device for applying a high frequency signal su-
perimposed with the resonance frequencies for the plu-
ral precursor ions to the electrode constituting the mass
spectrometer thereby controlling the dissociation of the
plural precursor ions, and means for switching previous-
ly registered plural analyzing conditions sequentially to
conduct measurement (fifth constitution).
[0028] The mass spectrometer according to the first
to fifth constitutions of the invention is based on the iden-
tical basic principle of mass spectroscopy of selecting
plural precursor ions, obtaining mass spectra of plural
fragment ions obtained by dissociating the selected plu-
ral precursor ions at the same time and judging the pres-
ence or absence of the aimed chemical substance
based on the mass spectra of the obtained plural frag-
ment ions.
[0029] The dangerous material detection apparatus
according to the invention has a feature in detecting
dangerous materials such as explosives and absolute
drugs by using the mass spectrometer having any of the
first to fifth constitutions of the invention described
above.
[0030] The method of detecting dangerous materials
according to the invention comprises a step of ionizing
a sample, a selection step of applying a high frequency
signal not containing resonance frequencies for plural
precursor ions but containing resonance frequencies for
other ions to an electrode constituting an ion trap mass
spectrometer, thereby selecting the plural precursor
ions, a dissociation step of applying a high frequency
signal superimposed with resonance frequencies for the
plural precursor ions to an electrode constituting the
mass spectrometer thereby dissociating the plural pre-
cursors, a measuring step of measuring the mass spec-
tra of the plural fragment ions generated by the dissoci-
ation of the plural precursor ions by the ion trap mass
spectrometer, and a judging step of judging the absence
or presence of an aimed chemical substance contained
in the sample based on the comparison between the da-
ta base for the chemical substances containing the
mass spectra and the mass spectra of the obtained plu-
ral fragment ions.
[0031] Further, the dangerous material detection
method according to the invention has the following fea-
tures.

(1) The dangerous material detection method com-
prises applying, in the dissociation step, a high fre-
quency signal having amplitudes set individually on
every resonance frequencies of the plural precursor
ions and superimposed with the resonance fre-
quencies for the plural precursor ions to the elec-
trode constituting the mass spectrometer.

(2) The dangerous material detection method com-
prises applying, in the selection step, a high fre-
quency signal not containing resonance frequen-
cies for plural precursor ions but containing reso-
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nance frequencies of other ions, and having differ-
entamplitudes on every frequencies to an electrode
constituting the mass spectrometer.

(3) The dangerous material detection method com-
prises applying, in the selection step, a high fre-
quency signal not containing resonance frequen-
cies for plural precursor ions but containing reso-
nance frequencies of other ions, and having differ-
ent amplitudes on every frequencies to an electrode
constituting the mass spectrometer thereby control-
ling the selection for the plural precursor ions, and
in the dissociation step, a high frequency signal
having amplitudes set individually on every reso-
nance frequencies of the plural precursor ions and
superimposed with the resonance frequencies for
the plural precursor ions to the electrode constitut-
ing the mass spectrometer.

(4) The dangerous material detection method com-
prises switching, in the selection step and in the dis-
sociation step, the conditions for the selection and
the dissociation of the plural precursorions sequen-
tially to previously registered plural analysis condi-
tions thereby conducting the measuring step and
the judging step repetitively.

[0032] The invention can provide a mass spectrome-
ter capable of analysis at high speed and at high accu-
racy, and a dangerous material detection apparatus and
a dangerous material detection method using the same.
According to the invention, the detection speed can be
shortened while keeping the high selectivity of the tan-
dem mass analysis as it is, thereby enabling for detec-
tion at high speed and high accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Preferred embodiments of the present inven-
tion will be described in details based on the drawings,
wherein

Fig. 1is a view showing an example of a constitution
for a dangerous material detection apparatus using
a mass spectrometer having a quadrupole ion trap
mass spectrometer in an embodiment according to
the present invention;

Fig. 2 is an enlarged view showing an example of
the constitution for an ion source section in the ap-
paratus shown in Fig. 1;

Fig. 3 is a chart for explaining the operation of the
ion trap mass spectrometer in the embodiment ac-
cording to the invention;

Fig. 4 is a chart showing an example for the frequen-
cy of a high frequency wave applied to endcap elec-
trodes in an ion selection section;

Fig. 5 is a view showing an example for the frequen-
cy of a high frequency wave applied to endcap elec-
trodes in an ion selection section;

Fig. 6 is a chart showing an example of mass spec-
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trum for explaining the effect of the invention;

Fig. 7 is a chart showing an example of mass spec-
tra in a case of conducting tandem mass analysis
using TNT and RDX as typical explosives simulta-
neously in the embodiment according to the inven-
tion;

Fig. 8 is a view for explaining a case that different
precursor ions generate identical fragment ions in
the embodiment according to the invention; and
Fig. 9 is a view showing a constitution for a danger-
ous material detection apparatus of the prior art.

DESCRIPTION OF PREFERRED EMBODIMENTS OF
THE INVENTION

[0034] A preferred embodiment of the present inven-
tion is to be described in details with reference to the
drawings.

[0035] Fig. 1 is a view showing an example for the
constitution of a dangerous material detection appara-
tus using a mass spectrometer having a quadrupole ion
trap mass spectrometer (hereinafter simply referred to
as ion trap mass spectrometer) in an embodiment of the
invention.

[0036] An ion source 20 is connected with a gas in-
troduction tube 21, and exhaust tubes 22a and 22b. A
gas from a sample gas collection port is sucked by a
pump connected to the exhaust tubes 22a and 22b and
introduced by way of the gas introduction tube 21 into
the ion source 20. Ingredients contained in the gas in-
troduced into the ion source 20 are partially ionized.
[0037] lons generated from the ion source 20 and the
gas introduced into the ion source are partially taken by
way of a first aperture 23, a second aperture 24 and a
third aperture 25 into a vacuum section 27 evacuated
by a vacuum pump 26. Each of the apertures has a di-
ameter of about 0.3 mm. The electrode in which the ap-
erture is opened is heated to about 100°C to 300°C by
a heater (notillustrated). The gas not taken from the first
aperture 23 is exhausted by way of the exhaust tubes
22a and 22b to the outside of the apparatus by way of
the pump.

[0038] Differential exhaust portion 28 (29) is defined
between the electrodes in which the apertures 23, 24
and 25 are opened and evacuated by a general suction
pump 30. While a rotary pump, a scroll pump or a me-
chanical booster pump is usually used for the general
suction pump 30, a turbo-molecule pump can also be
used for the evacuation of this region. Further, a voltage
can be applied to the electrodes in which the apertures
23, 24 and 25 are opened and improves the ion trans-
mittance and, at the same time, cluster ions generated
by adiabatic expansion are cleaved by collision with re-
maining molecules.

[0039] In Fig. 1, a scroll pump at an exhaust rate of
900 liter/min was used for the general suction pump 30
and a turbo molecule pump at an exhaust rate of 300
liter/sec was used for the vacuum pump 26 for exhaust-
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ing vacuum section 27. The general suction pump 30 is
used also as a pump for exhausting the back pressure
side of the turbo molecule pump. The pressure between
the second aperture 24 and the third aperture 25 is
about 1 Torr (about 133.322 Pa). Further, the differential
exhaust portion can also be constituted with two aper-
tures, i.e., the first aperture 24 and the third aperture 25
while saving the electrode in which the second aperture
14 is opened. However, since the amount of entering
gas increases more compared with the case described
previously, it is necessary to consider a device, for ex-
ample, of increasing the exhaust rate of the vacuum
pump used for increasing the distance between the ap-
ertures. Also in this case, it is important to apply a volt-
age between both of the apertures.

[0040] The generated ions, after passing through the
third aperture 25, are converged by a convergent lens
31. Einzel lens usually comprises three electrodes, etc.
are used for the convergent lens 31. lons further pass
through a slit electrode 32. Itis structurally adapted such
that ions passing through the third aperture 25 are con-
verged through the convergent lens 31 to the opening
of the slit electrode 32 and passed therethrough but not
convergent neutral particles, etc. collide against the slit
portion and do not easily reach the mass analysis sec-
tion. lons after passing through the slit electrode 32 are
deflected and converged by a double cylindrical deflec-
tor 35 comprising an inner cylindrical electrode 33 and
an outer cylindrical electrode 34 having a number of
openings. In the double cylindrical deflector 35, the ions
are deflected and converged by using electric fields from
the outer cylindrical electrode exuding through the
openings of the inner cylindrical electrode. Details of the
double cylindrical deflector are described in the prior art
4.

[0041] lons after passing through the double cylindri-
cal deflector 35 are introduced into an ion trap mass
spectrometer constituted with a ring electrode 36 and
endcap electrodes 37a and 37b. A gate electrode 38 is
provided for controlling the incident timing of ions to the
mass spectrometer. Flange electrodes 39a and 39b are
provided in order to prevent the ions from reaching
quartz rings 40a and 40b for holding the ring electrode
36 and the endcap electrodes 37a and 37b thereby
charging the quartz rings 40a and 40b.

[0042] Helium is supplied to the inside of the ion trap
mass spectrometer from a helium gas supply tube, not
shown, and kept at a pressure of about 10-3 Torr
(0.133322 Pa). The ion trap mass spectrometer is con-
trolled by a mass spectrometer control section (not illus-
trated). lons introduced into the mass spectrometer col-
lide against the helium gas to loss the energy and
trapped by an alternating electric field. The trapped ions
are exhausted out of the ion trap mass spectrometer ac-
cording to m/z of the ion by the scanning of a high fre-
quency voltage applied to the ring electrode 36 and the
endcap electrodes 37a and 37b and then detected by
way of an ion take out lens 41 by a detector 42. The
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detected signal is amplified through an amplifier 43 and
then processed by a data processing device 44.
[0043] Since the iontrap mass spectrometer has such
a characteristic of trapping the ions at the inside thereof
(in a space surrounded by the ring electrode 36 and the
endcap electrodes 37a and 37b), trapped ions can be
detected by taking the ion introduction time longer, even
in a case where the concentration of the substances to
be detected and the amount of generated ions is small.
Accordingly, even in a case where the concentration of
the sample is low, ions can be concentrated at a high
ratio in the ion trap mass spectrometer and the pretreat-
ment (such as condensation) of the sample can be sim-
plified extremely.

[0044] Fig. 2 is an enlarge view showing an example
for the constitution of the ion source section in the ap-
paratus shown in Fig. 1.

[0045] A gas introduced through the sample gas in-
troduction tube 21 is once introduced to an ion drift sec-
tion 45. The ion drift section 45 is at a substantially at-
mospheric pressure. A portion of the sample gas intro-
duced into the ion drift section 45 is introduced into a
corona discharging section 46, while the remaining gas
is exhausted through the exhaust tube 22b. The sample
gas introduced to the corona discharging section 46 is
introduced to a corona discharging region 48 formed
near the top end of a needle electrode 47 and ionized
by applying a high voltage to needle electrode.

[0046] In this case, in the corona discharging region
48, the sample gas is introduced in the direction sub-
stantially opposed to the flow of the ions drifting from
the needle electrode 47 to the counter electrode 49. The
generated ions are introduced under the electric fields
through the opening 50 of the counter electrode 49 to
the ion drifting section 45. Then, the ions can be drifted
and introduced efficiently to the first aperture 23 by ap-
plying a voltage between the counter electrode 49 and
the electrode in which the first aperture 23 is opened.
The ions introduced from the first aperture 23 are intro-
duced through the second aperture 23 and the third ap-
erture 25 into the vacuum section 27.

[0047] The flow rate of the gas flowing into the corona
discharge section 46 is important for highly sensitive
and stable detection. Accordingly, the exhaust tube 22a
is preferably provided with a flow control section 51. Fur-
ther, with a view point of preventing adsorption of the
sample, the drifting section 45, the corona discharging
section 46, the gas introduction pipe 21, etc. are prefer-
ably heated by a heater, not shown. While the flow rate
of the gas passing through the gas introduction tube 21
and the exhaust tube 22b can be decided by the capac-
ity of the suction pump 52 such as a diaphragm pump
and the conductance of the pipeline, a control device
like a flow control section 51 shown in Fig. 2 may also
be disposed to the gas introduction tube 21 or the ex-
haust tube 22b. When the suction pump 52 is situated
downstream to the ion generation section (that is, coro-
na discharge section 46 for the illustrated constitution)
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in view of the gas flow, effects caused by contamination
inside the suction pump 52 (adsorption of sample, etc)
can be decreased.

[0048] Then, the operation of the ion trap mass spec-
trometer is to be described in details. The ion trap mass
spectrometer is constituted with endcap electrodes and
a ring electrode.

[0049] Fig. 3 is a graph for explaining the operation of
an ion trap mass spectrometer in the embodiment of the
invention. (a) in Fig. 3 is a graph showing the control
with time for an amplitude of a high frequency voltage
applied to the ring electrode and (b) in Fig. 3 is a graph
showing the control with time for an amplitude of a volt-
age applied to the endcap electrodes.

[0050] At first, in an ion accumulation section 202, a
high frequency voltage is applied to the ring electrode
to form a potential for confining ions in a space surround-
ed with the ring electrode and the endcap electrodes.
Further, a voltage is applied to the gate electrode is con-
trolled such that the ions are introduced passing through
the gate electrode into the mass spectrometer. The ions
are incident from the opening in the endcap electrodes
and trapped by the potential.

[0051] Intheion selection section 203, among various
ions confined in the ion accumulation section 202, those
ions having predetermined plural m/z are remained and
other ions are discharges.

[0052] In the ion dissociation section 204, energy is
given to the ions having plural m/z selected by the ion
selection section 203, they are collided, for example,
against a helium gas in the gas spectrometer to gener-
ate fragment ions. For giving the energy to the ions, a
high frequency voltage is applied between the endcap
electrodes to accelerate the ions in the mass spectrom-
eter. The accelerated ions collide against the gas such
as helium where a portion of the kinetic energy of the
ions is converted to the internal energy of the ions, and
internal energy is accumulated during repetitive collision
and those portions with weak chemical bond in the ions
are cleaved to cause dissociation.

[0053] In the mass analysis section 205, when the
amplitude of the high frequency voltage applied to the
ring electrode is increased gradually, orbits of the ions
become instable sequentially from those with smaller
values obtained by dividing the mass of ion with static
charge of ion (hereinafter referred to as m/z) and they
are exhausted through the opening formed in the end-
cap electrodes to the outside of the mass analysis sec-
tion. The exhausted ions are detected by an ion detec-
tor.

[0054] After completion of the mass analysis section
205, the voltage applied to the ring electrode is removed
and the ion confining potential is eliminated thereby re-
moving ions remaining in the mass analysis section (re-
maining ion removal section 201). The series of opera-
tions described above are repeated.

[0055] Then, the ion selection method in the ion se-
lection section 203 is to be described. While various
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methods can be adopted for discharging unnecessary
ions and description is to be made to the method of using
filtered noise fields (hereinafter referred to as FNF) de-
scribed in the prior art 5. lons accumulated in the ion
trap mass spectrometer have inherent frequencies in
accordance with m/z thereof. Accordingly, ions having
specified m/z can be resonated and accelerated by ap-
plying the inherent frequency between the endcaps. The
ions can be discharged selectively by controlling the am-
plitude applied to the endcaps. On the contrary, when a
voltage having all frequency components (white noise)
is applied between the endcaps, all the ions can be dis-
charged in principle.

[0056] Then, when a noise not containing specific fre-
quency components but containing other frequency
components than described above (FNF) is applied be-
tween the endcap electrodes, it is possible to remain the
ions having corresponding inherent frequency, that is,
ions having specific m/z in the ion trap mass spectrom-
eter and discharge other ions than described above.
[0057] Fig. 4 is a chart showing an example of a fre-
quency of a high frequency wave applied to the endcap
electrodes in the ion selection section, which shows the
frequencies of the noise applied to the endcap elec-
trodes in a case of using FNF. Assuming the inherent
frequencies of the plural ions to be measured as f1, {2,
and f3, a waveform not containing f1, f2, and f3 de-
scribed above may be applied to the endcap electrodes.
[0058] In this case, the amplitude of the frequency to
be applied is controlled on every frequencies in accord-
ance with the physical property of the substance to be
detected (easiness of dissociation, molecular weight,
etc). At first, the easiness discharge differs depending
on the mass of ion (exactly, a value obtained by dividing
the mass with the static charge (m/z)), and a signal of a
greater amplitude has to be applied for discharging
more heavy ions. There exists a correlation between the
mass and the resonance frequency of an ion and a
heavier ion has lower resonance frequency. In view of
the above, it is basically preferred to apply a signal of a
greater amplitude as the frequency is lower.

[0059] Further, since the ion collides against a gas
such as of helium in the mass analysis section, a devi-
ation is caused from its original orbit. Thus, the reso-
nance frequency inevitably has a variation to some ex-
tent. That is, the ion tends to be accelerated somewhat
even at a frequency with a slight deviation. Although this
provides no problem in usual chemical substances, a
highly decomposing substance such as molecules of
explosives may possibly collide to cause dissociation
even when itis accelerated slightly. Accordingly, itis pre-
ferred to decrease the amplitude of the frequency as it
approaches to the resonance frequency (f1, 2, f3).
[0060] Further, as shown at f2 and f3 in Fig. 4, in a
case where their resonance frequencies are closer to
each other, it is preferred to decrease the amplitude
therebetween. On the contrary, in a case where an ex-
tremely intense signal of ion derived from impurities is
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contained, a signal of a greater amplitude may be ap-
plied between f1 and f2 in order to eliminate the impurity
ions effectively.

[0061] Then, after remaining the ions having plural m/
z in the mass spectrometer, the remaining ions are then
dissociated simultaneously. In the ion dissociation sec-
tion 204, energy is given to the ions having selected m/
z in the ion selection section, colliding the ions against
the helium gas or the like in the mass spectrometer, to
generate fragment ions.

[0062] Fig. 5 is a chart showing an example of fre-
quencies for a high frequency wave applied to the end-
cap electrodes in the ion dissociation section. The en-
ergy can be given to the ions by applying the inherent
frequencies f1, f2 and f3 of the remaining ions between
the endcap electrodes and accelerating the remaining
ions in the mass spectrometer.

[0063] The amplitude suitable to the dissociation dif-
fers depending on the substance to be detected. For ex-
ample, since a certain kind of explosives is highly dis-
sociative, it may be sometimes disintegrated failing to
obtain a fragment ion inherent to the compound when
an amplitude at the some extent as that for other sub-
stances is given. Then, as shown in Fig. 5, it is preferred
to change the amplitude of the signal applied in accord-
ance with the substance to be detected.

[0064] The amplitude suitable on every frequencies
shown in Fig. 4 and Fig. 5 is decided experimentally by
using a substance to be detected. Further, since it is dif-
ficult to decide the effect of the impurity components un-
til actual operation is conducted, it is effective to control
the amplitude on every frequencies additionally based
on the data obtained by practical operation.

[0065] Fig. 6 is a chart showing an example of a mass
spectrum for explaining the effect of the invention more
concretely. In Fig. 6, the abscissas expresses m/z and
the ordinate expresses the ion intensity.

[0066] (a) in Fig. 6 is a chart showing a usual mass
spectrum which shows a signal obtained by providing a
mass analysis section after the ion accumulation sec-
tion. (b) in Fig. 6 shows a signal obtained by providing
the mass analysis section after the ion selection section,
which corresponds to the mass spectrum of the precur-
sor ion. It has a feature that plural precursor ions are
present and each of A and B corresponds to m/z attrib-
utable to a predetermined explosive. (c) in Fig. 6 shows
a mass spectrum conducting after tandem mass analy-
sis simultaneously to the precursors A and B in which
fragment ions A', A", B', and B" are detected.

[0067] Fig. 7 are charts showing examples of mass
spectra in a case of conducting tandem mass analysis
by using TNT and REX as typical explosives simultane-
ously in the embodiment of the invention. In Fig. 7, the
abscissa expresses the m/z value and the ordinate ex-
presses the ion intensity.

[0068] At first, (a) in Fig. 7 shows a signal when TNT
is introduced to the ion source. A characteristic signal is
obtained at the position: m/z = 227.
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[0069] At first, (b) in Fig. 7 shows a signal when RDX
is introduced to the ion source. A characteristic signal is
obtained at the position: m/z = 268. Then, for selecting
m/z = 227 and 268 simultaneously in the ion selection
section and dissociating m/z = 227 and 268 simultane-
ously in the ion dissociation section, frequencies applied
to the endcap electrodes in each of the sections are se-
lected and set. At first, a mass spectra after ion selection
were obtained in order to confirm that the selections was
conducted exactly.

[0070] (c)in Fig. 7shows a signal when TNT is intro-
duced into the ion source. Signals are obtained at the
positions: m/z = 227 and 268, in which an intense signal
is observed at m/z = 227, and it was confirmed that the
ion derived from TNT was selected exactly.

[0071] (d)in Fig. 7 shows a signal when RDX is intro-
duced into the ion source. Signals are obtained at the
positions: m/z = 227 and 268, in which an intense signal
is observed at m/z = 268, and it was confirmed that the
ion derived from RDX was selected exactly. Then, mass
spectra for the fragment ions obtained after ion dissoci-
ation were confirmed.

[0072] (e)in Fig. 7 shows a mass spectrum of a frag-
ment ion when TNT was introduced to the ion source. A
fragment ion derived from TNT dissociated from m/z =
227 is observed at a position: m/z = 210.

[0073] (f) in Fig. 7 shows a mass spectrum of a frag-
ment ion when RDX was introduced to the ion source.
A fragment ion derived from RDX dissociated from m/z
= 268 is observed at a positions: m/z = 46 and 92.
[0074] As described above, the ion derived from TNT
and the ion derived from RDX can be detected by the
tandem mass analysis simultaneously, and when the
signal of the fragment ion is judged and a signal is ob-
tained at m/z = 210, it may be judged that TNT has been
detected and when a signal is obtained at m/z = 46 or
92, it may be judged that RDX has been detected.
[0075] In a case of conducting the tandem mass anal-
ysis by the ion trap mass spectrometer, it usually takes
50 ms for the ion accumulation section, 20 ms for the
ion selection section, 20 ms for the ion dissociation sec-
tion, 50 ms for the mass analysis section and about 30
ms for the residual ion removal section, that is, about
0.2 sec of time is necessary for the measurement for
once. In the existent tandem mass analysis, since one
precursor ion is selected and dissociated, only one tar-
get could be detected in the measurement for once.
Therefore, assuming the number of the kinds of explo-
sives to be detected as 20, it requires about four sec of
time and rapid detection was not possible. According to
the invention, since the tandem mass analysis is con-
ducted after selecting the plural precursor ions, the de-
tection time can be shortened drastically while keeping
high selectivity as it is.

[0076] Inacase of detecting explosives or illicit drugs,
even different substances may sometimes forms an
identical fragment ion when tandem mass analysis is
conducted. For example, while explosives often com-
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prise nitro compounds, NO,™ and NOj3™ derived from the
decomposition of the nitro group are sometimes ob-
served as fragment ions depending on the substance.

[0077] Fig. 8is a view for explaining a case where dif-
ferent precursor ions form an identical fragment ion in
the embodiment of the invention. In Fig. 8, the abscissa
expresses the m/z value and the ordinate expresses the
ion intensity. As shown in Fig. 8, in a case where both
of different substances A and B form a fragment ion C,
and the tandem mass analysis is conducted for A and
B at the same time, it cannot be judged whether the orig-
inal substance is A or B when the fragment ion C is de-
tected.

[0078] In such a case, it is not advantageous to con-
ducted tandem mass analysis for A and B, simultane-
ously and detection at higher accuracy is possible by
separating measurementinto a case of applying tandem
mass analysis for plural targets including the substance
A (measurement 1) and a case of applying tandem mass
analysis for plural targets including the substance B
(measurement 2) and conducting the analysis alternate-
ly.

[0079] Referring more specifically, the fragment ions
of PETN as a sort of explosives include m/z = 62 and
the like, and the fragment ions having m/z = 62 can be
obtained also from other explosives, for example, nitro-
glycerine. Accordingly, when the tandem mass analysis
is conducted to PETN and nitroglycerine simultaneously
and detection is conducted based on the presence or
absence of the fragment ion at m/z = 62, it is difficult to
distinguish a signal, when it is obtained, whether this is
a signal derived from PETN or a signal derived from ni-
troglycerine. In a case where it is intended to judge as
far as the kind of the explosives, it is preferred not to
conduct the tandem mass analysis for PETN and nitro-
glycerine simultaneously but to conduct measurement
separately or to measure the fragment ion inherent to
each of the explosives as the target for measurement.

[0080] Further, in a case where the number of sub-
stances to be detected is increased and the relation be-
tween the precursor ion and the fragment ion becomes
more complicated, three or more measuring conditions
may be set previously and measurement may be con-
ducted sequentially. For example, in a case where there
are 20 kinds of targets to be detected measurement may
be separated into measurement 1, measurement 2 and
measurement 3 each for 7 to 8 ingredients and they may
be measured sequentially such that the fragment ions
are not overlapped based on the result of previous
study. Assuming the time necessary for measurement
for once as 0.2 sec, since the time necessary for con-
ducting three steps of measurement is about 0. 6 sec,
anumber of ingredients can be checked in a short period
of time.

[0081] The presentinvention can be utilized to the im-
provement of security check in important facilities, for
example, in airports.
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10

Claims

1.

A mass spectrometer comprising a sample intro-
duction section for introducing a sample, an ion
source for ionizing the sample introduced from the
sample introduction section, an ion trap mass spec-
trometer for mass spectrometry of ions generated
from the ion source, a data processing device hav-
ing a data base for chemical substances and judg-
ing the presence or absence of an aimed chemical
substance based on the mass spectral information
obtained by the mass spectrometer,

a device for applying a high frequency signal
not containing resonance frequencies for plural pre-
cursor ions but containing resonance frequencies
of other ions, and having different amplitudes on
every frequencies to an electrode constituting the
mass spectrometer thereby controlling the selec-
tion for the plural precursor ions, and

a device for applying a high frequency signal
having amplitudes set individually on every reso-
nance frequencies of the plural precursor ions and
superimposed with the resonance frequencies for
the plural precursor ions to the electrode constitut-
ing the mass spectrometer thereby controlling the
dissociation of the plural precursor ions, and

adapted for selecting the plural precursor
ions, obtaining mass spectra of plural fragment ions
obtained by dissociating the selected plural precur-
sorions and judging the presence or absence of the
aimed chemical substance based on the mass
spectra of the obtained plural fragment ions.

A mass spectrometer comprising a sample intro-
duction section for introducing a sample, an ion
source for ionizing the sample introduced from the
sample introduction section, an ion trap mass spec-
trometer for mass spectrometry of ions generated
from the ion source, a data processing device hav-
ing a data base for chemical substances and judg-
ing the presence or absence of an aimed chemical
substance based on the mass spectral information
obtained by the mass spectrometer,

a device for applying a high frequency signal
not containing resonance frequencies for plural pre-
cursor ions but containing resonance frequencies
of other ions, and having different amplitudes on
every frequencies to an electrode constituting the
mass spectrometer thereby controlling the selec-
tion for the plural precursor ions, and

a device for applying a high frequency signal
superimposed with the resonance frequencies for
the plural precursor ions to the electrode constitut-
ing the mass spectrometer thereby controlling the
dissociation of the plural precursor ions, and

adapted for selecting the plural precursor
ions, obtaining mass spectra of plural fragment ions
obtained by dissociating the selected plural precur-
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sor ions and judging the presence or absence of the
aimed chemical substance based on the mass
spectra of the obtained plural fragment ions.

A mass spectrometer comprising a sample intro-
duction section for introducing a sample, an ion
source for ionizing the sample introduced from the
sample introduction section, an ion trap mass spec-
trometer for mass spectrometry of ions generated
from the ion source, a data processing device hav-
ing a data base for chemical substances and judg-
ing the presence or absence of an aimed chemical
substance based on the mass spectral information
obtained by the mass spectrometer,

a device for applying a high frequency signal
not containing resonance frequencies for plural pre-
cursor ions but containing resonance frequencies
of other ions to an electrode constituting the mass
spectrometer thereby controlling the selection for
the plural precursor ions, and

a device for applying a high frequency signal
having amplitudes set individually on every reso-
nance frequencies of the plural precursor ions and
superimposed with the resonance frequencies for
the plural precursor ions to the electrode constitut-
ing the mass spectrometer thereby controlling the
dissociation of the plural precursor ions, and

adapted for selecting the plural precursor
ions, obtaining mass spectra of plural fragmentions
obtained by dissociating the selected plural precur-
sor ions and judging the presence or absence of the
aimed chemical substance based on the mass
spectra of the obtained plural fragment ions.

A mass spectrometer comprising a sample intro-
duction section for introducing a sample, an ion
source for ionizing the sample introduced from the
sample introduction section, anion trap mass spec-
trometer for mass spectrometry of ions generated
from the ion source, a data processing device hav-
ing a data base for chemical substances and judg-
ing the presence or absence of an aimed chemical
substance based on the mass spectral information
obtained by the mass spectrometer,

a device for applying a high frequency signal
not containing resonance frequencies for plural pre-
cursor ions but containing resonance frequencies
of other ions to an electrode constituting the mass
spectrometer thereby controlling the selection for
the plural precursor ions, and

a device for applying a high frequency signal
superimposed with the resonance frequencies for
the plural precursor ions to the electrode constitut-
ing the mass spectrometer thereby controlling the
dissociation of the plural precursor ions, and

adapted for selecting the plural precursor
ions, obtaining mass spectra of plural fragmentions
obtained by dissociating the selected plural precur-
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11

sorions and judging the presence or absence of the
aimed chemical substance based on the mass
spectra of the obtained plural fragment ions.

A mass spectrometer comprising a sample intro-
duction section for introducing a sample, an ion
source for ionizing the sample introduced from the
sample introduction section, anion trap mass spec-
trometer for mass spectrometry of ions generated
from the ion source, a data processing device hav-
ing a data base for chemical substances and judg-
ing the presence or absence of an aimed chemical
substance based on the mass spectral information
obtained by the mass spectrometer,

a device for applying a high frequency signal
not containing resonance frequencies for plural pre-
cursor ions but containing resonance frequencies
of other ions thereby controlling the selection for the
plural precursor ions, and

a device for applying a high frequency signal
superimposed with the resonance frequencies for
the plural precursor ions to the electrode constitut-
ing the mass spectrometer thereby controlling the
dissociation of the plural precursor ions, and means
for switching previously registered plural analyzing
conditions sequentially to conduct measurement,
and

adapted for selecting the plural precursor
ions, obtaining mass spectra of plural fragmentions
obtained by dissociating the selected plural precur-
sorions and judging the presence or absence of the
aimed chemical substance based on the mass
spectra of the obtained plural fragment ions.
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